Abstract There is growing consensus that as the U.S. population ages, nearly a third will experience stroke, dementia, or even both. Thus, interest in the role that diet may play in preserving cognitive abilities continues to grow, especially in absence of truly effective treatments for dementia, of which Alzheimer's disease (AD) is the most common form. The purpose of this review is to examine whether two a priori dietary patterns influence the rate of cognitive decline or the onset of dementia. Evidence from neuropathology reports of those who have died with AD or with mild cognitive impairment (MCI) or without cognitive impairment suggests that often the pathological hallmarks of AD-amyloid deposition and presence of tangles-are present along with vascular lesions. Hypertension and stroke are strongly associated with incident dementia. Thus, it is possible that lifestyle approaches designed to prevent or reduce cardiovascular risk factors, conditions, or diseases also may provide added benefits for brain health.
Introduction
The Dietary Approach to Stop Hypertension (DASH) diet is a recommended dietary plan for all Americans, especially those with hypertension [1] . The DASH diet has been shown to be protective against hypertension, cardiovascular disease, and diabetes [1, 2] , conditions shown to increase cognitive decline, executive function, and attention [3] [4] [5] . Similarly, adherence to a Mediterranean-style diet (Medit) pattern is inversely associated with a wide range of chronic diseases-in particular, stroke, cardiovascular disease, diabetes-and allcause mortality [6] [7] [8] . Because vascular factors can contribute to cognitive impairment, it is logical to hypothesize that both of these dietary patterns may protect against cognitive decline and/or dementia. However, conflicting evidence exists regarding the neuroprotective benefits of a Medit pattern and rather limited evidence exists for that of the DASH pattern and cognitive changes. In this review, we examine some of the possible reasons for these discrepancies. Are the inconsistent findings attributable to the manner in which the dietary patterns defined or to how investigators define cognitive outcomes or the duration or frequency of repeated cognitive measurements? Was there adequate control or adjustment for possible confounders? These issues will be examined in this review of recent evidence for DASH and Medit dietary patterns and their putative role in slowing cognitive decline. Longitudinal studies, both cohorts and clinical trials, with repeated cognitive assessments over time will be emphasized. We must acknowledge the excellent systematic review on the Medit diet and cognitive function and dementia by Lourida and colleagues [9••] . Our review addresses both Medit as well as DASH dietary patterns and includes several more recent studies for the Medit pattern. We choose to focus on how the dietary pattern is operationalized, i.e., the diet scores and whether such scores capture the intended dietary pattern. studied in both short-term feeding trials and free living trials in both hypertensive and normotensive populations; the consensus is that this plan is efficacious for all [1, 10, 11] .
The Medit diet pattern was first popularized by Dr. Ancel Keys in his book [12] ; the dietary components include extra virgin olive oil, whole and minimally processed grains, legumes, vegetables, fruit, nuts, fish, and regular but modest intake of wine or alcohol [13] . Both of these constituents afford a plethora of polyphenols in addition to the rich monounsaturated fatty acid content of olive oil. Thus, at least two features of the traditional Medit diet that differentiate this pattern from that of DASH are the almost exclusive use of olive oil and moderate consumption of wine with meals. The DASH diet plan can be modified to emphasize monounsaturated fats, which may include olive oil [14] , but there is no emphasis on regular alcohol or wine consumption. In fact, alcohol restriction was one key behavioral target employed by the PREMIER trial group [10] . This was because excessive amounts (more than 210 g per week) of alcohol could elevate systolic blood pressure through several mechanisms, including vasoconstriction [15] , and also contribute to poor weight maintenance. On the other hand, in the DASH diet plan, all dairy products are low-fat or non-fat in an effort to keep the proportion of energy from saturated fat ≤6 %. The traditional Medit did not include such restrictions in large part, because cheese and other dairy items were inherently lower in saturated fat composition in Mediterranean countries. Such food items have been traditionally produced locally from goats and sheep fed on indigenous greens and, hence, their tissues reflect a different fatty acid composition particularly with respect to omega 3 content [16, 17••] . However, because of changes in agricultural practices in the Mediterranean region, a recent working group has recommended a greater emphasis for all Medit patterns to include low-fat dairy products [18] .
Scores Applied to FFQ Response to Evaluate Accordance or Adherence 1 to DASH and Medit Dietary Patterns Several scoring paradigms have been used to capture the key food and/or dietary components that comprise the DASH and Medit patterns. When modifications are made to these scores, this can prevent cross-study comparisons, making it more difficult to summarize and to bring consensus and new direction to the field of nutritional epidemiology. The scoring paradigms selected are those which have been applied to cohorts in which repeated cognitive assessments have been made. Most often, a food frequency questionnaire (FFQ) is administered to the participant in which the frequency and usual portions of food items consumed in the past year (often 140 items or more) is collected. Based on these responses the accordance or adherence to a particular scoring system is assessed. The first 2 columns in Table 1 describe the components of two commonly used DASH scores. The first is a scoring scheme originally created by Folsom and colleagues [19] and further modified by Epstein et al. [20• ] with 10 equally weighted targets-seven food group components and three dietary components-dietary sodium, the proportion of energy from total fat and the proportion of energy from saturated fat. A score of 1 was assigned if the target amount for the component was achieved, 0.5 for an intermediate target, and a score of 0 if the amount reported was less than the minimum target.
The Nurses' Health Study investigators [21] offered a different scoring paradigm with 8 food group items and a score with values ranging from 8 to 40. Food group intakes of FFQ respondents were classified into quintiles. Those of benefit for blood pressure lowering included five components (whole grains, fruits, vegetables, nuts with legumes, and low-fat dairy). Those with food intakes that were classified in quintile 1 were assigned 1 point and those in quintile 5 were assigned 5 points. For intakes of foods or nutrients that should be limited (red and processed meats, sodium, sweetened beverages), the scoring was the opposite; those with the highest quintile were assigned 1 point, whereas those with the lowest intakes were assigned a value of 5. In terms of sodium, the criterion for a positive score is more conservative than that for the modified Folsom score.
For the Medit diet, there are two principal scoring approaches that have been the basis for numerous publications. Further revisions have been applied by researchers, in particular, those evaluating accordance or adherence of population samples from non-Mediterranean countries. As shown in Table 1 , by far the most popular is the dichotomous scoring system created and revised by Trichopoulou and coworkers [22] referred to as the "MeDi score"; other variations have been used by other groups, such as the alternate MeDi [23] . Scoring is binomial with nine components, because the sex-specific median consumption level for each of the nine components (and eight in the case of the alternate MeDi) is used as a cutoff. Persons whose intake of key foods (i.e., fruits) is at or greater than the median are assigned a value of 1, and persons whose intake is below the median receive a 0. Note for this scoring paradigm, olive oil consumption is not assessed, but rather a ratio of two dietary components: monounsaturated fatty acids to saturated fatty acids. Component group items, such as red meats, are inversely scored; persons with consumption below the median cutoff are assigned a value of 1. Alcohol is scored differently from the other components. Men receive a 1 if they consume the optimal range of 10 to 50 g of ethanol per day, and women receive a 1 if they consume the optimal range of 5 to 25 g of ethanol per day. Anywhere outside of that amount is given a zero (too high or too low). Scores range from 0 to 9, a score of 9 being the most accordant or adherent to the Mediterranean diet. Again, for all components other than alcohol/wine, it is the sex-specific distribution of that food item or diet fat ratio that determines whether a person is assigned a 1 or 0. In the alternate MeDi scoring system developed by Fung and coworkers [23] whole grains is the scored component instead of total grains, and potatoes are excluded from the vegetable totals. For the second Medit score-the MedDiet score as developed by Panagiotakos and coworkers [24] , there are 11 components-of which one of the components is olive oil, another is potatoes. These authors state that the potato is not classically a part of the Mediterranean diet pyramid but was selected because of it is a rich source of B vitamins, vitamin C, potassium, magnesium, and fiber and hence, cardioprotective. Each food component can be assigned a value from 1 to 5. A high score is desired; a score of 55 is considered most accordant to the Mediterranean diet. Assignment of a value is not dependent on the reported intake distribution; rather it is based on achieving the target number of food servings when a "5″ is assigned. Higher frequencies of consumption yield the most points, except for red meat and meat products, poultry, and full-fat dairy components. For those foods not consistent with the Mediterranean pattern (i.e., red meat and meat products), the opposite scores were assigned (i.e., a score of 0 for participants consuming these items more than 10 times per week to a score of 5 for less than or equal to once per week). In this system as well, alcohol is scored differently from the other components. The most points are given for consuming alcohol in moderation, <300 mL per day but >0 mL per day. Some components are scored inversely. For example, a score 5 is given for lower consumption (≤1 serving per week) of red meats, and 0 is given for a high frequency of consumption (>10 servings per week) of red meats.
In the recent PREDIMED primary prevention trial of more than 7,000 Spanish older high cardiovascular risk adults [25• ], a brief 14-item questionnaire was administered 4 times a year for more than 4 years to gauge adherence to two different Medit interventions [26] . Like the MedDiet scoring system by Panagiotakos and coworkers [24] , specific target amounts (or frequencies) of key foods were the basis for score assignment, but in this tool assigned values were either 1 or 0. Unlike the MeDi score, however, the score assignment was not based on the population distribution (above or below the sex specific median).
Definitions of Alzheimer's Disease, Mild Cognitive Impairment, and Cognitive Health Alzheimer's disease (AD) is the most common form of dementia; by 2050, it is estimated that there will be 100 million cases [27] . The impact of AD and other dementias will be costly in many ways-quality of life as well as the cost of the healthcare burden. Two distinguishing features of AD include extraneuronal senile amyloid containing plaques and intraneuronal neurofibrillary tangles. AD is a slow progressive neurodegeneration accompanied by impairment in cognition, behavior, and daily function. Mild cognitive impairment (MCI) is a condition characterized by mild memory or cognitive impairment, yet the person has no marked disability. This condition has a high rate of progression to AD [28] . Hence, many researchers wish to identify incident MCI so that preventive strategies, such as dietary modification or physical and cognitive activities, may influence progression to AD.
Other diagnostic criteria have been proposed for agerelated cognitive decline; in DSM-IV, this condition is defined as "an objectively identified decline in cognitive functioning consequent to the aging process that is within normal limits given the person's age," but surprisingly there are no specific criteria diagnostically [29] .
Cognition is composed of several components or domains. The number of domains needed to assess cognitive performance adequately is not well defined among neuropsychologists and neuroepidemiologists. Which domains are selected is dependent on the goals of the study, but for studies of cognition among older persons these often include memory (episodic, working, and semantic), attention, language, and visuospatial ability. However, performance on these tests is influenced by many factors other than the functional aspect being measured. One of the best compromises to circumvent many of the limitations in performance tests is through the use of multiple tests for each domain and the use of tests with demonstrated reliability. What is preferable is determine change in performance tests, because cognitive change is typically the focus of interest when a disease process, such as AD, is being examined [30] .
What is the Evidence for the Protective Role of the DASH Pattern and Cognitive Decline?
As shown in Table 2 , there are four reports in which adherence or accordance to a DASH pattern and cognitive health have been measured. In the first, a clinical trial of 4 months' duration, DASH adherence to a modification of the Folsom score was evaluated using on responses to a 4-day food record (for macronutrient and energy intakes) and a 1-month food frequency questionnaire or FFQ (for food group intakes) administered at baseline and 4 months postrandomization [31••] . There was no difference in DASH adherence between the two DASH groups, and in both, there was an improvement in psychomotor speed with DASH adherence. In our analyses of cognitive change in more than 800 much older adults over a period of nearly 5 years [32•], rates of change in global and all cognitive domains (including psychomotor speed, based on 4 different tests in Memory and Aging Project or MAP) were reduced in those with greater accordance to a DASH pattern. The DASH scoring approach was similar between these reports. It is intriguing that in different age groups, with different protocols (in ENCORE, middle-aged participants were counseled on the DASH diet plan while MAP was an ongoing cohort of much older adults) and different study duration (4 months vs 4.7 years), the DASH dietary plan was associated with beneficial cognitive changes. In both reports from the Cache County cohort, the alternate DASH scoring system [21] was applied to the FFQ responses. In the paper by Norton and Based on the alternate MeDi based on that of Trichopoulou et al. [22] , but modified by Fung et al. [23] coworkers [33] , the DASH score was one of six behaviors assessed in relation to incident dementia or AD over a period of 6 or more years; dietary behaviors in conjunction with others decreased risk of incident dementia. In the study by Wengreen et al. [34••] , a significant reduction in rates of global cognitive decline was observed with higher DASH scores. The approach of Wengreen and coworkers was a little different, because they summed scores across quintiles similar to an approach used by Kesse-Guyot et al. using the MeDi scoring [35] .
What is the Evidence for the Protective Role of the Medit Pattern and Cognitive Decline?
Exactly 17 different reports on the Medit pattern with the cognitive outcomes, including decline, function, and/or incident of Alzheimer's disease, dementia, or mild cognitive impairment and published since 2006 are identified in Table 2 .
Our emphasis was on longitudinally measured cognitive performance or incident dementias. The studies in Table 2 reflect 14 different cohorts, 4 from Mediterranean countries, another 2 from Australia, and the remaining from the United States. All but one constructed Medit scores based on FFQs with 62 to 156 items. In 13 reports, the MeDi scores were applied to 10 non-Mediterranean population samples. These include the WHICAP studies [36, 37•, 38, 39] , the Cache County study [34••] , the French Three City cohort [40] , and the REGARDS cohort [41] . Higher MeDi scores were related to slower declines or lower incident cognitive impairment. In both Australian studies, MeDi scores were not related to cognitive decline; however, a slightly younger sample was studied and a different analytic approach were used (analysis of covariance), one that might be sensitive to dropouts, although very similar multivariable adjustments were employed. The alternate MeDi (aMeDi) scoring paradigm of Fung and coworkers [23] was used to assess Medit accordance in nonMediterranean countries-specifically among participants in the Women's Health Study [42••] and the Nurses' Health Study [43] ; in neither were MeDi scores related to cognitive change. In both, telephone administered battery of cognitive tests were administered and repeated over time. In both, only women were studied. In the Chicago Health and Aging Project [44••] , and in the Women's Antioxidant Cardiovascular Study or WACS [45•] , the MedDiet scores were computed for participants of these cohorts. These were both older cohorts, followed for similar lengths of time, and some of the same cognitive tests. However, the WACS cohort was exclusively female and largely white; the CHAP cohort was 60 % black and 40 % male. Only the Chicago investigators observed a marked reduction in cognitive decline with higher MedDiet accordance. It is uncertain whether any of these factors contributed to the discrepant findings.
In all but two studies described in Table 2 cognitive assessments were made prospectively, mild cognitive impairment was assessed in five studies, and incident Alzheimer's disease or dementia in five. Reduced risk of MCI or AD was observed in four of the five studies, but four were from the same cohort.
Finally, some of the investigators examined individual food group contributions to rates of cognitive change in their population. Wengreen and coworkers [34••] observed that the whole grains (a component of the DASH score they adopted, although also a component of MedDiet scores) and legumes as well as nuts (both Medit score components) were associated with reductions in rates of the decline similar to those for the total DASH or total Medit scores. Like Wengreen and coworkers, our group reported that the nuts/seeds/legumes component was inversely associated with rate of cognitive declines, along with DASH score components for vegetables, fats, and saturated fat [32•] . In the Mayo Clinic Study, polyunsaturated plus monounsaturated fatty acids to saturated fatty acid ratio was associated with a reduced odds of MCI [46] . Samieri and coworkers [42• •] also observed that this component was related to more favorable cognitive changes among older women.
Conclusions
In this review of two a priori dietary patterns, there was good agreement among the limited number of studies (all in the United States) regarding the protective influence of a DASH adherent or accordant pattern on cognitive changes. The role of a Medit pattern is not consistent across the many cohorts. It is this author's opinion that use of a Medt score that specifies target amounts of key foods or nutrients would provide a better benchmark to compare the effectiveness of such dietary patterns across different cohorts especially those in nonMediterranean countries. There also is a suggestion that perhaps sex and even age decile may modify these associations with Medit scores. Future studies, especially those in which DASH and Medit patterns are the active treatment intervention, may help to clarify whether such cognitive benefit is realized.
